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; Be ‘During ccute qevere dg@holic mtoxic&tion there was a mz'ked :I.ncreue

2. '.rhe e.dwin:latra.tion of ethyl alcé\shol in doses sv.fﬁ)cient to. prodnce "

B W, ' SUMURY . o
1. The cerebral fblood flov (cer),. cerebral metabolism (cmoe), o.nd mcula.r
\ resiatanqe (CVR) were measured in 15 subjects before and during - intra-
" venous | adninis*mtion of ethyl alcohol and in 12 patients during seva‘e -
seli'-i;}adncod a.lcoholic intoxication and rollowing recovery. .

R i

facial vascdilatation and the lcntal ‘changes of mild mbrution 4id not.
. produce any changes in c:!.ther cerebnl blood flov, cere'bra:l. mta,bolisn
or va.scular resista.nce. ) . . K

AL

flow, .an equau.y significant reduction in eerebra.l

i

in> yiegn cereb&.l blood!

e -oxygen uptake and & reiiiction "in cerebral vascular: resistance g ns ccne

,;pared with the values o'b%a:lned fo].low:lng reeovary.
by Low concentra.tions ot alcohol in the blood (averaging 68 m.’) ha.d
« * 11ttle or no measurable ¢cifect on cerebral circulation wvhile high 1evelﬂ
(a.veraging %20 mgm.%) produced a marked depression in cerebral oxygen
consumption despite. an increase in blood:flow. There appears to be no

"rationdl basis for the use of ethyl. a.lcohol as a vasodilator in patients

‘with carebra.l vascu.‘l.ar d.'lsea.se. ‘
mowcnon ,
. '.l'he :lngestion or etkwl alcohol is knmm to produce dilatation or the
blood vessels in the skin and, to & lesspr -extent, those in other t:lamn.
For this.reason it has been advocaieg for th treatment of peripheral m- 7
cular disease- and afigina ‘pectoris. Its e as a cerebral vasodilator

has also been recommended because ‘of ‘the dilatation of pial vesgels oba -
served in- smmals given 1a.rge amcuntm of ethyl alecohol intravenously.

The sympwm of acute alcob.olic intoxj.ca.tion are genera.lly belimd 'bo
be "caused by depression of the gentral nervous system; In-vitro studies, )
however, have ‘ehown that a.lcohol in Aoncentrations up to ) 2% produces ap _
increase ‘in-oxygeu consumption, while concentraticns greater than this pro-
duce a decrease.t A decrease in cerebral arteriovenous oxygen difference has
been founé. dnr:l.ng alcocholic mtoxication ‘but this has been atiributed to'a.
reénction in cerebral - oxygen util:l.zation rather than to an :lnerease in. -
cerébz'a.l bleod fl’:l.cm.5 - _

This paper presen‘cs our obsemtions on the cerebral blood flow and

k xygen consumption in patients with various steges of alcoholic inﬁbxica.tioﬁ

- resulting from either lntravenous administration of ethyl alechol or. the

vingeetion of large amounta of whiskey. .
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_ the hospi tal. Cerebral blcod flowitsti®ies were done one to two hours later,

- * x\\ ) . v ' ‘ . ‘ \:\ ‘ o " ) . “ - ' ) . " \\”\\\\ - . ) v \'\\\ . )

A " ) N ‘(, : : H i ;tg;" B . ' L '\‘ o
mmxon |

Pirtaan pntienta convnlescingf &h.\a variety of medical illnesses : \ .

pnemonig, arthritis; etc.) were gwvin varying amounts of ethyl alcohol

- {atriivenously in a 5-1Cf solutior, TUTe ige of the patients ranged irom 18 E

to 65 years vith an average of Y0 pmers . Two of them bad evidence or cere-

~ bral dlsease, one of vhom had maligassit hypertension wsni-enceplialopathy and -

the other, severe mental deficiency The total \cﬁgsegé’ ‘of alcohol-ranged -
from & to 54 cc. of absoluts’ a:l.cahof- ~nd averaged 22 c¢, The solution was -
g:lven vithin 15.to b5 minuves and poroiaced visihle cvidence of peripheral
vasodilatation in most patients endmisubjective feeling of warmih. Wpst of
the patients showed symptoms of mill lintoxication, such as drowsiness,
euphoria, increased volubility, anif impiropriate weeping or laughter. The

alechol levels in the blood ranged frfrmm 15 to 137 mgm.® with & mean of 68

"~ mgmeS There vas & very good lines - torrelation between the dosage of o
" alechol administered intravepously,m #d the blood alechol level (r = 93). . i

.of the line of regress:lom represented a blood alcohol level of .
+% for each 0.1.Gm. alcoholm siministered per kilogram of body weight..
cqgol levels on ;rtenal bio:»od weire done by the colormtric nethod N

o [3retral Blcod flow (cnr) in‘.n“the‘se wms vas measured by the
ou:ic’.e technique of Kety sniE $amidt!, with slight modificaticus. 8
Fifteen to 30 minutes after complelc.a of the control blood flow procedure,
the infusioh of alcohol wes begun, warl was continued through most or all of

" the seconi(CBF deternination. Theie:wnbral oxygen consumption (QROp) vas

obtained Ly mltiplying the CBF by il arterial=internal jugulsr venous .
d:.rfpreneb. The. cerebral vucstilar resistance (CVR) was obtained by
atriding %& mean arterial pressur¢tly the CB¥, The mean arterial pressure
was measursd between the blood: nml.ﬁ.ﬂizswith a da:.f.ped nercury mnmeter
connected to the u-terhl needle B
K
Arte:qh(l and’ vencus blood samjle.s were drawn over a 20-30 second period
Just befors énd after the CBF procedulwe. "Gas analysis of the blood samples.
for oxygen and carbon dioxide was itert by the combined procedure described -
by Peters and Van Slyke’ and analyvsis £or nitrous:oxide by the method of -

‘Orcutt ang Watersl®, using the modff™immtioms of both technigues as described -

by Kety azd Schmtdt,7 The additiosc of ethyl alcohol to blood samples in
concentrations as high as 500 mgn./w ws found to bave no affect on the
accuracy of the nitrous oxide detentaiimticns. Hemoglobin concentration was
calculated from the oxygen capacit) . Arierial pH was determined with the
glass electrode of the Cambridge Mielel R pn“met;er and corrected to body L
temperature (37° C.). Arterial pCh ovas calculated rrom the pH, COp contenly

- -and hemetocrit with the nomogram of & fimger and. Hastings.tl Venous oxygen. /) = -i -
tensiot (pOp) was obtained from theg . md percent oxygen aatura.tion, uaine '

the- dissocin.tion curves of Dﬂ.:l..“-2

(

Similar studies were performedm o a3 second group of 12 pL. ients who had

- A Ly ’ e
been brovght to tho hospital cmorgaomy clinie with gigns of cevers alecholic

intoxication,. Most of these patieissilaad been found lying in the streets of
’h'unken stupor and aliQ o them were comatose on admission to




at vhich. time 3 of the group (W.B., H. S. , J w.) were still conmletely unre-
~gponsive, while the others had aroused to a stuporous state. None of the
. patients was given any medication or atimulant prior to the iriitial cerebral
. “function stiidies. All of the patients had a strong odor-of alcchol on “the
_breaths Several patients had vomited, and somé had urinary and fecal | n=
“continence, . Spéech was incoherent a.nd ramhling -Blood alcghol . leveis were

obtained in 6 subjects and’ ra.nged ‘from 234 to b3 mgm. % with a mean of 320

and would have been expected to ‘show similar blood alechol J.evels.\ The
exact amount and type of alcoholic mixture congumed by the paticnts céuld not

- be determined with accuracy, since most of them either had amnesia for-the
. events preceding their s‘bupor or, vere loa.th to a.dmitgthe extent of their ’

©

‘The ages of these patients ve.ried Priom 30 to 62 a.nd averaged Lo years.:

| 6erebral blood flow determinations were repeated 15 to 62 hours. after the

initial procedure; at vhich time all of the subjects were sober and reason-'

. mgmeRe The other 6 patients had essestislly tha same degree of intoxication “

ably alert, -There vere surprisingly few "hangover" sympioms present. HNome. -

- of the patients had/headache, evidence of dehydration or-delirium tremens

at ‘the time of ‘the econd blood flow determination., Despite & history of

_chronic alcoholism the patients appeared to be in fairly good physical con-

dition with one exception. This was a 62 year old patient (E.S.) who had -
severe hypertension and generalized arteriosclerosia. ,

O

. ) Y
W
- -

. The intravenwsﬁ administration of small smounts of eﬁyl alcohol in . |

. the 15 subjects produced little change in the mean values for either ceree.

bral blood flow, oxygen consumption or vascular resistance (Table I).
Several of these individuals, however, showed a slight 4ncrease of 9 to

" 12 cc./100 Gm. brain/min, in CBF, while one patient had & decrease of 13

cc:/100 Gm./min, There was only a slight-fall in’the mean, cerebrel arterio-
venous oxygen difference and & small decrease in drterigl blood pressure,
Mean cerebral respiratory quotients before and during alcohol infusion were -
0.90 and 0.88, respectively. There was no correlation tetween either the

’CBF or- CMRQE. a.nd the 1nd1v1dua.1 blood a.lcohol levels.

In contrast there were marked alterations obgerved in the cerebra.l
fimetions of the pa.H ents admit’cnd to the hogpital with severe alcoholic ine

_ toxieation (Tab/le II). During the acute stage of 1ntox1cation there was a

significant increase. in-cerebral blood flow (p<.0l), the mean CBF at this .
time being 67 cc./l(}‘f) Gm./min. A considerable increase in cerebral blood

" flow occurred in all but 3 individua.le (2.S., J.W., and W.J.B,), as shown ..

in Figure 1. Following recovery, the mean CBF fell to 47 cct - e decrease -
of 30%." These 3 patients had no essential changes in CBF but, as pointed
out b«.low, showed the greatest reductions in CMROp during alcohclic stupor,
withk values a.maroximatelv one half those obgzprved following TRCOVEL Y.

During intoxicetlon the mean arterial blood pressure was decreased in almost
every patient and a ‘significant reduction in mean CVR was also observed

" (pg.0l). Following recovery.,the mesn CVR rose fraw 1.5 to 2.4 mm. Hg/ce./
1*100 Gm./min. o -

H o,
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With few exceptions the cerebral oxygen consumption during the acute’

stage of alcoholic intoxication wes reduced and, following recovery, rosc to

approximately normal levels (Figure 2). The mean value for CMROo, when the

T patients were intoxicated, wss 2.2 cc. compared with 3.2 cce/loo Gm./m:ln. s
vhen they were sober (p(.OOl). The mean cerebral arterio-venous oxygen dif=

- ference during intoxication was one half that found after recovery. During

~ had the greatest re

alcoholic intoxication there appeared to be an inverse relationship between -

the degree of increase in CBF in the individual patient and the degree of

of decrease in CMRO (Figure 3). The patients with the least rise in CBF
gt_ction in oxygen utilization, while those with the

greatest increase in CBF had little alteration 1n CMROo. - The pa.tient {H.S,)

. with the lovest CMROp value had no change in CBF.

Acidosis was found 1n 5 of the 6 patients in whom pH determinations were

 obtained.~ The mean arterial pH value in these individuals during intoxica=

tiou was:7.31 in contrast to a value of 7.40 vhile sober, The arterial COp

- -tension'was elevated in 3 of.5 patients during intoxication. The mean pCO,

_ ui’low* or oxygen consumption as measured by the nitrous oxide method.

- in the 5 patients was 47 mm, Hg during intoxication and-39 mm. Hg following

recovery. - The majority of patlents showed a reduction in cerebral respira-

- tory quotient during :!.ntoxica.tion as compared with the va.lue following
: recovery. : .

COMMENT ’
This study demonstrates that low concentrations of alcohol in the blood ,
15237 m@n.i do not produce significant changes in either cerébral blood

o™ The possibility of excessive contamination of interna.l ,jugular blood

with venous blood from extracerebral sources must be considered, since this
would affect the validity of our determinations. At the level of the Jugu=-
lar bulb this contamination ordinarily 1ls slight. Space does not permit a
counplete apalysis of this problem in relation to the accuracy of the nitrous’
oxide method during alcoholic intoxicatlion. Under ordinary conditions a
congiderable contamination will result in a falsely low value for cerebral
blood flow. If the extracranial vessels are markedly dilated the cerebral’
blood flow may be falsely high. ;

We do not believe that any’ importam; error wag Introduced in these

measurements by lncreased addlition of extracerebral venous bhlood to internal ‘
. Jugular blood., Studies of the. nitrous oxide concentrations in external and

internal jugular blood in two patients given intravenous alecochol suggested
that there was oply mild dilatation of . extracerebral vessels.. Furthermove,
the shape of the arterial and internal Jugular venous nitrous oxide con-
centration curves in both groups of ps.tients did not suggest excesrivp con-
tamlnation.
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patients are due to depression of specialized areas or synaptic systems of

N

T

'Alteration in cerebral blood Flow- might have been expected in view of the

fact that such levels are usually eseoc*eted with evidence of -extracranial
and. Iacial vasodilatation., The lack ¢f any alteration in cerebral metaboliem .
in the presence of mentsl changes of mijd intoxication might appear surprie=
ing. It is possible, however, that the tal changes observed in these C

the brain which do not participate greatly in the over-all oxygen consumpe- -
éion of this organ, but are nevertheless important in emotional control and

“ personality°1ntegration. Some similar circumstances apparently obtain in

petients given semi-narcotic. amounte of barbiturates which, although produce
ing definite mental changes, are not associated with alterations‘in either

cerebral bdlood flow or: metabolism.15 The absence. of significant changes. in
the. arterial-internal Jjugular venous oxvgen difference in patients receivigz

as much as 80 ¢c, of alcohol 1ntravennusly has also been noted by othera.

These studies indicate that alcohol in the. 1ntravenoue éoees employed
has little effect on cerebral blood flow and, from the standpoint of modi-.
fying this function, would not.be expected to be of value in the treatment
of patients with "strokes" or cerebral vdscular disease. Although higher -

. ‘levels of alcohol in the“blood were found to produce an increase in cerebral’
blood flow, such” 1evels are associated with- -depression of cerebral oxygen

uptake; and would require approximately 100 cc. of alcohol or 200 cc, of -
whiskey orally.

The depressant effect of ‘large doses of alcohol on the brain in the
patients with severe alcoholic intoxication has been found in a variety of

. psychologic¢ and psychomotor studies.15' Electroencephalogrqphic studies

Guring alcoholie: intoxigation he.v‘° shown changes similar to those observed
during hypoxic ‘states,d

The poor correlation found in the present studies between the blood
alcohdl level and the degree of reduction in cerebral oxygen uptake might
have bBeen due to the fact that the level of, alcohol in the blood was not
alvays the same as that in the nerve cell itself, However, this seems . .
doubtfu% in view of the rapid distribution of alcohol.throughout the body
wvater.l? It seems more likely that the failure of correlation was due to -
individual differences in tolerance, possibly as a rasult of chronic addic- - -
tion to alcohol.

As mentioned above, the patiente with the greatest increase in CBF
during intoxication tended.to have the least degree of reduction in cerebral
metabolism. Since blood flow is normally adjusted to tissue needs, a de=-
pression of cerebral metabolism by alcohol would be expected to e fnllowed
by a'reduction in dlood flow if other factors were nci operative. It ap-
pears possible that an increase in blood flow during intoxication, by rais-
ing oxygen tension in the capillaries and in ‘the extravascular fluid of:the
brain, counteracted to some extent the depressant effects of alcohol on
cerebral metabolism, During alcoholic intoxication the mean venous POo was
setually 15 m. greater than that found roliowing recovery. 'I'nere was some
tendency for the patients with the greatest increase in Jugular vencus pOo
during intoxication to have the' least reduction in cerebral oxygen uptake.
This might provide a rational basis for the use of 10C% oxygen in the treat-
ment of acute alcoholic intoxication, as. suggested by other workers.lz‘ This

5
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concentration of oxygen, however, acts as a cerebral vasoconstrictor and
this would to some extent offset the edwentese of an 1ncrease in oxygen con-
tent of the arterial blood,-- : ‘

(Q\I .

The increased CBF found in association with high l°Vels of alcohol is

" consistent with the observations of ThomaslB who observed ‘dilatation of the

Ao
i

‘increase in cerebral blood flow, but recent studies in our laboratory20 and

- pial vessels in experimental animals given intravenbus or intrchrotid ir -

Jections of ethyl alcohol. However, the increase in blood flow I~ t&Wse
animals was transient and had completely sibsided in 15 to 30 minutés, de-;

-spite the continued presence of elevated blovd- alcdhol levels. v ﬁn‘

Other factors which might well be: imyortant in producing the 1ncreased .
~ CBF were the increase in COp tension and pH changes which existed in'! 3? eral -

of these:patients. B decrease in pH was.found in 5 of the 6 patients

vhom this determination was made. Acidosis has also been réported by |
others and is thought to be caused by sccumilation of lactic acid and freten~
tion of carbon dioxide. 9 Reduction- in PH 18 commonly believed to cause an

by Schieve and Wilson2l have shown that cerebral vessels dilate more consise
tently with elevations of COp tension than with depression of .pH., The mean
increaSe of 8 mm. Hg in carbon dioxide tension observed in our patients is
ordinarily sufficient to produce considerable dilatation of cerebral vessel%
A reduction in pulmonary ventilation was found in 2 of the 3 patients in \
vhich this function was measured and this factor might have produced-the \
observed elevation in: pCOg. :
\| :

It would appear from these data, that the profound narcosis produced by
high'.concentrations of alcchol in the blood can be accouated for by deprese
sion of cerebral metabolism. It is of course possible-that & number of

“other factors such as an acidosls, dehydration, and hypoglycemia may also be

operative in some of these patients.. Our studies do not provide any infor-
mation as to the exact mechanism of the<depression of the brain in alcoholic
intoxication except to indicate that impairment of the cerebral circvlation
is not a major factor. Despite the fact that the cerebral metabolism of
these patients readily returned to normal after they became sober,it is
possible that repeated depression of the brain: by alcohol may result in per-
manent cerebral injury snd degeneration. : ”

The technical assistence of the following is acknowledged with appreciatlon'

Mr's¢ Loulse Thompson, and the Misses Mary Bell, Mhry'Ruth Fprdham, Elizabeth
Kelley and Mexy Upshaw, ‘ o
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Fig. 1. The changes in cerebral ‘blood flow in p&mients during b
- ‘ severe alecoholic intoxicetion and following recovery. -
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Fig. 2.

ALCOMOL INTOXIGATION,

The changes in cerebral -oxygen consumption in patients
during severe alcoholic intoxication and following
recovery. The broken line indicates the mean value in
control subjects. )
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